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ABSTRACT
INTRODUCTION: Brain volumetry is a contemporary method used in the scientific and clinical research in 
neurodegenerative diseases. The process can be fully automated but it allows some parameters to be manu-
ally adjusted in order to minimize errors. The purpose of the present study is to analyze the use of addition-
al settings in the process of extracting brain tissue from the skull in volumetric assessments performed us-
ing FSL-SIENAX, to point out the most frequently used ones, and to provide recommendations for their ap-
plication.
MATERIAL AND METHODS: 3DT1 MRI scans of 51 patients with multiple sclerosis were processed. After 
a conversion from the native format, brain tissue was extracted using the BET procedure. Multiple experi-
ments were done using different parameters followed by a visual assessment of the results. Optimal values 
were chosen for each case. Descriptive statistical analysis was performed.
RESULTS: Manual corrections of the default settings of BET were made in all studied cases. The most fre-
quently applied parameter (100% of cases) was “-f”, which adjusts the aggressiveness of the algorithm, fol-
lowed by “-B” (51%), which reduces the bias field and neck voxels, “-R” (31.4%), multiple iterations of the al-
gorithm, “-g” (25.5%), correction of the vertical gradient, “-S” (2%), removal of wrongfully identified optic 
nerves and eyeballs.
CONCLUSION: The fully automatic volumetric assessment of the brain performed by FSL-SIENAX acceler-
ates the workflow, but may lead to imperfections in the results. Manual adjustment trials may begin with the 
“-f” parameter, followed by “-В”, “-R”, “-g”, and combinations between them.
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INTRODUCTION
Brain volumetry is a contemporary method 
used in scientific research and in clinical trials of po-
tential drugs in the field of neurodegenerative disor-
ders, including but not limited to Alzheimer’s dis-
ease, predementia states, and multiple sclerosis (MS) 
(1,2). It is performed using specialized software prod-
ucts, after feeding in images from magnetic reso-
nance tomography (MRI), usually 3DT1 scans. Rou-
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tine MRI cannot directly provide numeric data re-
flecting the volume of the brain, the white and gray 
matter, or specific subcortical structures. This infor-
mation is often needed to precisely quantify macro-
scopic morphologic changes, and that is why it has to 
be obtained after the images undergo software pro-
cessing. Several programs have been developed for 
this purpose, and some of them are free to use. SI-
ENA (Structural Image Evaluation, using Normal-
ization, of Atrophy), part of FSL (FMRIB Software 
Library) (3), is a procedure which computes the per-
centage of brain volume change between two MRI 
assessments of the same person, performed at dif-
ferent moments of time. SIENA uses a series of rou-
tines. Especially important among them is the Brain 
Extraction Tool (BET), which aims at removing all 
tissues except the brain. In SIENA, voxel parameters 
of atrophy can be projected on standard space in or-
der to perform statistical comparison between mul-
tiple assessed subjects (4). A variant of SIENA called 
SIENAX has been developed. It is capable of com-
puting brain volume from a single MRI assessment, 
normalized for the size of the skull (5). SIENAX, as 
well as SIENA, extracts the brain from the skull us-
ing BET. The workflow can be completely automat-
ed, but it allows manual tuning of some parameters, 
including those of BET, so as to minimize possible 
errors (6,7). 
It is known that the automated methods which 
isolate brain tissues in MRI are prone to be influ-
enced by different factors, such as inhomogeneities 
of the signal, type ofthe image set, regional anatomy, 
and age and diagnosis of subjects (8). For this rea-
son, manual control is often recommended and re-
search is being done for the development of nov-
el automated methods which would be precise even 
when default settings are used. Wang et al. (9) have 
proposed a method which combines two approach-
es: atlas-based and deformable-surface-based, that 
is guided by local intensity information and popu-
lation-specific prior information learned from a set 
of real brain images. Having compared their meth-
od with other available techniques, they demonstrate 
its superiority on all testing datasets, as well as its ro-
bustness and effectiveness. Lemieux et al. (10) have 
proposed an automated algorithm segmenting the 
brain from T1 MRI scans, which uses thresholding 
and morphological operations, in order to achieve 
results similar to those of a semi-automated meth-
od. Another fully automatic brain extraction meth-
od, “brain tissue extraction method using erosion-
dilation treatment (BREED)”, has been proposed by 
Miura et al. (11). The authors report accuracy of the 
method of approximately 97% for either simulated or 
subject data. Rehm et al. (12) have also introduced 
their proprietary method (McStrip) for brain/non-
brain segmentation on T1 MRI. Being a more com-
plex hybrid method, it was able to outperform SPM2, 
BET, and BSE, on head-to-head comparison (13). 
Another hybrid method combining watershed algo-
rithms and deformable surface models was proposed 
by Ségonne et al. (14) who claim that their method 
outperforms other available tools. 
While some authors and research teams focus 
on the development of new methods, others search 
for the best settings that allow existing techniques to 
produce better results. Shattuck et al. (15) have com-
pared different brain extraction methods, including 
BET, using their own dataset and validation method, 
and have concluded that all algorithms can achieve 
satisfactory results, but need proper selection of pa-
rameters. According to Popescu et al. (16) BET may 
perform reasonably well on most 3DT1 images of MS 
patients, but the performance can be improved sub-
stantially by adjusting some parameters. The authors 
encourage the use of options “-B” and “-f=0.1” after 
removal of the neck slices, as they have found this to 
work best for all acquisition protocols.
The aim of the present study is to analyze the 
use of additional settings for the BET algorithm in 
the process of extracting brain tissue from the skull 
in a volumetric assessment performed using FSL-
SIENAX, to point out the most frequently used 
ones, and to provide recommendations for their 
application.
MATERIAL AND METHODS
3DT1 MRI scans of 51 patients with multiple 
sclerosis were processed. Images were obtained using 
a 1.5 T MRI scanner, Signa HDxt (General Electric, 
Milwaukee, WI, USA), in St. Marina University Hos-
pital in Varna, Bulgaria. DICOM series were convert-
ed to an appropriate format for further processing 
using MRIConvert (Lewis Center for Neuroimaging, 
University of Oregon, USA). After conversion from 
the native format, brain tissue was extracted using 
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the BET procedure, FSL running on an Intel® Core i7 
920 based computer with 32 GB of RAM and Cen-
tOS 6 operating system. Multiple experiments were 
performed using different parameters, followed by 
visual assessment of the results. Optimal values were 
identified for each case. Results were summarized 
using descriptive statistics, providing the percentage 
of cases where each parameter was used.
RESULTS
All 51 cases were processed successfully by the 
software, the routines finishing without an error out-
put. Nevertheless, after visual inspection, manual 
corrections to the default settings of BET were con-
sidered necessary and were applied in all cases. The 
most frequent (in 100% of cases) was „-f“, adjusting 
the aggressiveness of the algorithm, followed by „-В“ 
(51%), which reduces errors due to bias field and neck 
voxels. Third according to the frequency of use was 
„-R“ (31,4%), performing several iterations, fourth 
was „-g“ (25,5%), which corrects vertical gradient. 
The „-S“ parameter, aiming at removing erroneously 
identified optic nerves and eyeballs, was used in 2% 
of the cases. On our machine, BET with default set-
tings took several seconds to complete, „-f“, „-g“ and 
„-R“ caused no significant slowing, while „-В“ and 
„-S“ took more than 20 min. per case.
Examples of delineation of the brain using de-
fault and manually adjusted parameters of BET are 
shown on Fig. 1 and 2.
Fig.1. Delineation of brain using default parameters of BET: low precision, errors in tissue identification
Fig.2. Delineation of brain using manually adjusted parameters of BET (“-B”): high precision is achieved
Scripta Scientica Medica, vol. 47, No 3, 2015, pp. 54-58   
Copyright © Medical University of Varna
  57
Ivan Dimitrov, Radoslav Georgiev, Nataliya Usheva
DISCUSSION
In our study we have used a well-established 
method (BET, part of FSL) for removal of the skull 
and other tissues which are not needed in the process 
of calculating the volume of the brain. Such stripping 
of the brain from other tissues can be done automat-
ically when SIENA (SIENAX) procedure is called 
with its default values. As such practice may lead to 
inconsistencies and bias, we checked what the default 
values would produce, and found problems of differ-
ent severity in all our cases. Adjustment of parame-
ters was then made and only after numerous experi-
ments with the settings, the results became satisfac-
tory. In our study some parameters showed better 
potential for successful correction of errors than oth-
ers. We support the recommendations of Popescu et 
al. (16) for the use of the „-В“ parameter in all cases, 
as well as for setting the „-f“ parameter to a slightly 
higher aggressiveness than by default. On the other 
hand, we would like to underline that with some of 
these parameters applied, image processing may re-
quire significant amounts of time. While in our study 
BET was completing in several seconds using the de-
fault parameters, adding „-В“ or „-S“ prolonged the 
duration to over 20 min. In some cases it seemed bet-
ter to experiment with the simple, less time-consum-
ing parameters („-f“, „-g“, etc.) and, if the result was 
acceptable, to try to avoid the usually more effective 
but time-consuming „-В“. We found „-В“ to be more 
effective than „-S“ in removing optic nerves and eye-
balls in most of the cases, which explains the relative-
ly low use of the „-S“ parameter in our study.
Regardless of the specific aims of the volumetric 
analysis in different studies, increasing the accuracy 
of the method remains a priority (14). In research and 
in a clinical setting, there is a need for critical reap-
praisal of the results of the automated analysis (13). 
Valid normative data and parameters for determin-
ing pathologic cut-off values for brain atrophy in MS 
are subject to current research (17). The need for ob-
taining correct quantitative data becomes more and 
more critical, as we are witnessing a stronger inter-
est towards therapies which modify the aggressive-
ness of pathological processes in the brain, such as 
that in MS.
CONCLUSION
The fully automatic volumetric assessment of 
the brain performed by FSL-SIENAX accelerates 
the workflow and makes it easier to accomplish, 
but may lead to imperfections in the results. Our 
data shows the need for intervention in 100% of the 
cases. Correction trials may begin by adjusting the 
“-f” parameter, followed by “-В”, “-R”, “-g”, and then 
some feasible combinations between them can be 
applied. It is important to underline that the method 
we applied could be recommended for conducting 
analysis in similar scenarios. At the same time, some 
imperfections of the existing volumetric methods 
bring a strong motivation for continuing the research 
for novel, more accurate and robust techniques for 
quantitative assessment of normal and pathologically 
altered MRI morphology of the brain.
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